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at 6 months were baseline presence of effusion and prevalent cartilage
damage in the same subregion (Table 1). Risk factors for TF cartilage loss
were baseline ipsi-compartmental meniscal extrusion, prevalent BMLs and
cartilage damage in same subregion. The interaction of the presence of
both BML and ipsi-compartmental meniscal extrusion resulted in a less
than expected multiplicative effect on cartilage loss (Table 2).
Conclusions: Cartilage loss over 6 months is rare, but may be detected
semiquantitatively by MRI in a small proportion of subjects. The strongest
predictors of PF cartilage loss were presence of baseline effusion and preva-
lent cartilage damage in the same subregion. Predictors of TF cartilage loss
were prevalent cartilage damage, prevalent BMLs and meniscal extrusion.
Cartilage loss was less likely to occur in compartments without meniscal
extrusion and concomitant ipsi-compartmental BMLs. MRI-based structural
risk factors for PF cartilage loss seem to differ from the TF joint.
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Purpose: Clinical trials in OA have generally excluded participants with
late- or end-stage radiographic OA (ROA), because no further reduction
in JSW can be expected at this stage. Participants with late- or end-stage
ROA (i.e. Kellgren-Lawrence grade [KLG] 4), however, are of high interest,
because they are likely to receive total knee arthroplasty in the near future,
representing a well established clinical endpoint. The Objective was to
study the longitudinal rate of (and sensitivity to) change in femorotibial
cartilage morphology over 12 months, across various disease stages ranging
from healthy reference knees to late-stage ROA knees.
Methods: One knee in each of 831 Osteoarthritis Initiative (OAI) partici-
pants (public use data sets 0.E.1 and 1.E.1. [imaging] and 0.2.2 [clinical])
was studied: 112 healthy without risk factors of knee OA and 719 with ROA
(310 calculated KLG [cKLG] 2, 300 cKLG3, and 109 cKLG4). Segmentation of
femorotibial cartilage plates and ordered values (OV: Buck et al. ACR 2009)
of subregional thickness change were obtained from coronal FLASH MR
images acquired at baseline and at 12 months, the operators being blinded
to the time point.
Results: Healthy knees displayed small thickness changes (<0.7%) in
femorotibial cartilage plates and subregions; OVs were symmetrically dis-
tributed around zero (Table 1). cKLG2 knees also showed small (<1%)
changes, which did not signiﬁcantly differ from healthy knees. cKLG3
knees, however, displayed cartilage thinning of up to 2.5% (central fe-
mur) and cKLG 4 knees of up to 3.9% (external tibia), with OVs 1-10
differing signiﬁcantly from healthy knees. The OV approach was more sen-
sitive to detecting signiﬁcant differences between cKLG groups (minimal
p=5.5×10-14; Kruskall Wallis) than a region-based approach (minimal p=
1.2×10-5).
Table 1. Ordered values (OV) of longitudinal subregional cartilage thickness change over
12 months
Healthy control(n=112)cKLG 2 (n=310) cKLG 3 (n=300) cKLG 4 (n=109) Kruskal-Wallis
MC SD MC% MC SD MC% MC SD MC% MC SD MC%
OV 1 -121 81 -6.2 -137 104 -6.6 -180* 144 -9.4 -200* 117 -12.5 5.54E-014
OV 2 -80 45 -4.3 -98 80 -5.3 -126* 95 -7.3 -139* 86 -8.7 6.03E-013
OV 3 -60 42 -3.3 -69 50 -3.7 -95* 78 -5.4 -108* 71 -7.3 4.01E-013
OV 4 -46 38 -2.6 -53 43 -2.9 -73* 61 -4.2 -85* 60 -6.3 8.43E-011
OV 5 -31 36 -1.7 -40 40 -2.1 -57* 55 -3.2 -68* 55 -4.8 1.06E-009
OV 6 -20 36 -1.2 -29 39 -1.6 -43* 50 -2.5 -53* 49 -3.8 6.21E-009
OV 7 -11 36 -0.6 -19 37 -1.0 -31* 45 -1.8 -40* 47 -2.8 9.12E-008
OV 8 -1 35 0.0 -9 36 -0.5 -19* 43 -1.1 -27* 45 -1.8 2.95E-006
OV 9 8 34 0.4 1 34 0.0 -7* 42 -0.4 -16* 44 -1.2 7.88E-006
· · · · · >
OV 16 124 83 6.1 112 55 5.8 116 71 6.5 118 79 7.7 0.453
MC =mean change in μm, SD = standard deviation of the change,MC% =mean change in %.
*Signiﬁcant difference from healthy controls (Mann-Whitney U test at p<0.0167 (global
p<0.05 for 3 tests)).
Conclusions: MR imaging-based cartilage thickness measurement displays
high rates of loss at late stage ROA (knees with JSN) and small rates,
indistinguishable from healthy controls, in early ROA (knees without JSN).
From the perspective of sensitivity to change, cKLG4 subjects need not to
be excluded from clinical trials that use MRI-based quantitative cartilage
morphology as an endpoint, in particular when an OV approach is em-
ployed. This provides opportunity to study progression (cartilage thinning)
closely prior to knee arthroplasty.
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Purpose: To minimize the peak stress in a synovial joint, a uniform load
distribution over a large contact area seems desirable. The ‘contact area’ in
the tibio-femoral joint we deﬁned as the cartilage-cartilage contact area but
not cartilage-meniscus contact area. We investigated the cross-sectional
relationship between the medial tibio-femoral contact area (CA) and the
degree of radiographic osteoarthritis (ROA) and the CA’s ability to predict
cartilage loss.
Methods: The study cohort contained 159 subjects with age range 21-81
(mean 56) and BMI 19-38 (mean 26). The Magnetic Resonance Imaging
(MRI) scans of both knees for each subject were acquired using an Easote
C-span scanner of ﬁeld strength 0.18T. Radiographs were acquired using
the SynaFlex from Synarc for grading the degree of ROA by the Kellgren
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& Lawrence (KL) index and for joint space width (JSW) measurement. The
medial tibial and femoral cartilages were automatically segmented using a
voxel-classiﬁcation computer algorithm. The CA was computed as the area
of the region where the tibial and femoral cartilage surfaces were less than
1 mm apart using a Euclidean distance transform. The surface area of the
entire medial tibial plateau (SA) was also computed.
The ability of the CA to distinguish healthy (KL = 0) and ROA (KL > 0)
subjects was quantiﬁed by the p-value from a t-test. The diagnostic ability
of the CA was computed as the area under the ROC curve (AUC) with the
statistical signiﬁcance estimated using DeLong’s test. The ability of the CA
to predict the cartilage loss was tested by splitting the healthy to moderate
ROA subjects (includes KL 0, KL 1 and KL 2) into progressors and nonpro-
gressors based on median value of Tibio-Femoral cartilage volume loss.
Linear correlation coeﬃcient (CC) was used for calculating correlation be-
tween yearly change in CA with yearly change in JSW and cartilage volume.
Results: The mean SA was 1202 mm2 for the healthy subjects (KL = 0),
whereas the mean CA was 411 mm2 as seen in ﬁgure 1 together with
the other levels of KL. The SA decreased with OA progression in KL score.
Contrarily, the CA increased with onset of OA (KL = 1) but then decreased
at later stages. The p-value for separating KL = 0 and KL = 1 was 0.0005 and
the AUC value 0.64 (p < 0.05) for the CA. In addition, the CA also showed
some ability to predict longitudinal cartilage loss with p-value 0.004. The
CC for yearly changes in CA and JSW was 0.20 (p < 0.001) and for CA and
cartilage volume was 0.41 (p < 0.0001).
Figure 1. Cross-sectional relationships between degree of ROA and the tibial cartilage
surface area (left) and tibio-femoral cartilage-cartilage contact area (right). Statistically
signiﬁcant differences are shown as ** for p < 0.01 and *** for p < 0.001.
Conclusions: The meniscus plays a vital role in the healthy subjects by
stabilizing and distributing the load in the joint. This is consistent with the
observed differences between cross-sectional levels of tibial surface area
and cartilage-cartilage contact area. The contact area increased and the
surface area remained stable during onset of early ROA (KL 0 to KL 1). This
increase in contact area may be explained by meniscal subluxation during
early stages of OA. The decreases in both surface and contact areas at later
stages of OA (KL 3 and 4) are consistent with an overall cartilage loss.
Therefore, meniscal subluxation and degeneration in general may be key
processes in the onset of osteoarthritis.
The ability of baseline contact area to predict longitudinal cartilage loss
showed that during earlier stages of OA, a higher contact area may actually
increase the risk of cartilage loss. The change in contact area correlated
signiﬁcantly to the changes in JSW and cartilage volume; this supports
that the contact area may also be a crucial factor in joint integrity. Finally,
medial tibio-femoral contact area may be an interesting image based
marker for investigating early ROA and for predicting cartilage loss.
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Purpose: Muscle weakness and obesity play an important role in knee
OA. Quadriceps weakness is implicated with disease onset and progression.
High body mass and fat accumulation are associated with disease severity.
However, few studies have documented changes in muscle and fat tissue
that are associated with OA onset or progression. The purpose of this study
was to examine 2-year changes in muscle volume (M), subcutaneous fat
volume (SCF) and intermuscular fat volume (IMF) in the thighs of women
at risk for knee OA and with established knee OA, from the OAI study.
Methods: The OAI database was searched for women >50 years of age
who had never undergone knee surgery. Eligible women in the incident
cohort had no symptoms (WOMAC). Eligible women in the progression
cohort had radiographic OA and symptoms (WOMAC). Baseline and 2-year
follow-up scans of right thighs were retrieved from the OAI Co-ordinating
Centre. Each scan consisted of 15 consecutive T1-weighted axial magnetic
resonance images of the mid-thigh. For each image slice, M, SCF and IMF
were segmented using sliceOmatic 4.3 (TomoVision, Quebec, Canada) which
partitions images into regions based on boundaries created by a watershed
algorithm. SCF was considered fat adjacent to the skin and external to the
deep fascia around the muscles. IMF was considered all non-muscle tissue
within the fascial layer. The morphological segmentation of the ﬁrst slice
was propagated to the next 14 slices. Baseline and follow-up scans were
analyzed in pairs by one reader blinded to OA status and time point.
Results: Of all eligible women, 36 from the incident cohort (mean age
(SD): 62.3 (7.6) yrs, mean BMI: 26.6 (4.2) kg/m2) and 37 from the pro-
gression cohort (mean age (SD): 62.8 (8.4) yrs, mean BMI: 28.7 (5.5)
kg/m2) were randomly selected. Age and BMI were not different between
groups (p>0.05) at baseline. Changes in M, SCF and IMF over 2 years were
compared for each group using Wilcoxon-signed rank tests. In the incident
cohort, M decreased over the 2-years (p=0.006), and there were no changes
in SCF (p = 0.80) or IMF (p = 0.15). In the progression cohort, no change
in M was observed (p=0.635), and SCF and IMF increased (p=0.030 and
p=0.018, respectively). No change in BMI occurred over 2-years for either
group (p=0.489 incident, p=0.202 progression).
Conclusions: Longitudinal tissue changes over 2 years differed in the
incident cohort versus the progression cohort, suggesting that the role of
muscle and fat may be distinct in these two groups. Loss of thigh muscle
volume occurred in women with risk factors for knee OA, whereas fat
volume increased in those with established symptomatic and radiographic
knee OA. Since BMI did not increase over 2 years, the observed increase in
fat volume does not appear to result from an increase in body weight. Our
method did not separate muscle groups nor was intramuscular fat within
the muscle compartment segmented separately. Future work could address
these limitations and investigate the clinical signiﬁcance of tissue changes
including their relationship with pain, strength and physical function.
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Purpose: The aim of the present study was to investigate the transport of
Gd-DTPA2- in femoral knee cartilage in vivo.
Methods: Ninteen healthy (symptomless) volunteers were imaged using
a single-slice inversion recovery spin echo sequence was used both pre-
contrast and post-contrast (TR=2000 ms, TE = 15 ms, TI = 100, 200, 400,
800 and 1600 ms, ETL = 7, matrix = 256×256, FOV = 12×12 cm, in-plane
resolution 0.47 mm, slice thickness = 5 mm). Two sagittal slices were lo-
calized to cover the central part of the medial and lateral femoral condyle.
The central parts of the medial and lateral femoral weight-bearing cartilage
covered by the posterior horn of the meniscus were segmented manually
for T1 analysis (Figure 1). Consecutive pixel layers were segmented, the
Figure 1
